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© Timer/counter using a register block. 

A timer/counter comprising an operation controller coupled to receive a control information for generating 
control signals for a selected operation, and a register block coupled to a bus and including a plurality of count 
registers, a corresponding number of timer registers storing various set values and a buffer circuit controlled by 
the operation controller to sequentially read data from one of the count registers to the bus and then write the 
data on the bus to the same count register. An incrementer is coupled to the bus and controlled by the operation 
controller to increment the data on the bus and to ouput an incremented data to the bus. A coincidence flag 
coupled to the register block is set when the incremented data in a count register of the timer block has 
coincided with a value stored in a corresponding timer register. A clear controller coupled to the coincidence flag 
clears the count register having the count value in coincidence with the value of the corresponding timer register 
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nrnetfCounter Usfng a Register Block 



Background of the Invention 
Field of the- Invention 

5 

The present invention relates to a timer/counter incorporated in a microcomputer, and more specifically 
to such a timer/counter which can realize a plurality of timer functions by using a plurality of registers in a 
software manner.. 

rtr 

Description of related' art 

Heretofore, atimetfcountsr is adapted to respond to a dock signal from an internal or external clock 
source so as to increment the value of count in a counter, and to compare the incremented count value with 

ts a predetermined value set in a timer register at each time of increment Then, the timer/counter will 
generate an interrupt signal which the incremented count value has become consistent with the predeter- 
• mined value, and at the same time, clear the counter so that the counter can count from its initial value. 
Furthermore, the timer/countBr can execute a capture operation in which the count value in the counter is 
transferred and held in the timer register in response to a trigger signal which is generated at a 

20 predetermined timing or period. 

Thus, if an internal clock generated at a constant period is inputted to the counter, an interrupt signal 
generated when the count value coincides with the preset value of the timer register will be generated at 
constant intervals determined by the preset value of the timer register. Therefore, the timer/counter can be 
used as a timer by setting in the time register a value corresponding to a desired time interval. Alternatively. 

2S if an external signal is inputted to the counter as a clock signal, the count value of the counter will represent 
the pulse number of the external signal. Therefore, the timer/counter can function as an event counter for 
counting the number of observed events. Furthermore, if the timer/counter is used to function as a timer 
and also to cause to the timer register to capture the count value of the counter in response to an external 
signal as the trigger signal, it is possible to measure the period of occurrence of the external signal, and 

aa therefore it is possible to know an operation speed or a position of an external equipment which generates 
the external signal. 

As mentioned above, the timer/counter can realize various functions by selecting a clock signal source 
and by controlling the comparison operation and/or the capture operation. In addition, the various functions 
can be executed at a real time in parallel to a program operation of the microcomputer. Therefore, the 

35 timer/counter has already held an important position in the field of existing single chip microcomputers. 

For example, in printers incorporating therein a microcomputer, timer/counters have been used as (1) 
an internal timer for stepwise changing a phase of a magnetic field applied to a coil of a step motor for 
moving a printing head, (2) a position detection counter for determining the position of the printing head, 
(3) a one-shot timer used to control the application time of an electric current to a printing solenoid, etc. As 

40 illustrated by this example, there is recently increased a demand for microcomputers to incorporate therein 
a large number of timer/counters. 

In the prior art however, the timer/counter is composed of a counter or count register for holding a 
count value, an incrementer for reading the count value of the counter register so as to increment the count 
value, and a latch for latching the incremented value from the incrementer and updating the content of the 

45 count register by the incremented value. Further, the timer/counter comprises a timer register for storing a 
predetermined value to be compared with the value of the count register or for capturing the value of the 
count register, and a comparator for comparing the value of the count register with the preset value of the 
timer register so as to generate an interrupt signal when both the values coincide with each other. 
Operations of the above various circuits are controlled by a controller. Then, all of the above mentioned 

so various circuits are constituted of random logic circuits, i.e., hardware. 

The random logic circuit needs a large number of transistors, and also, the transistors themselves used 
for the random logic circuit are of a relatively large size. Therefore, in the case that the random logic circuit 
is realized on an integrated circuit a considerably large chip area is required. As a result, if a plurality of 
timer/counters are formed on a single chip, the chip area must be increased, and so. the cost of the single 
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chip computer would inevitably become high.. In addition, the random logic circuit has oniy a limited 
function, and therefore, when the numbers of the count registers and the timer registers must be cnangec .t 
j necessary to refasn.on the whole of the circuits, which needs even redesigning of mask patterns usee in 
fabncation of integrated circuits. 



Summary of the Invention 

Accordingly, it is an ot>ject of the present invention to provide a timer/counter which has overcome at 
ro feast one of the aforementioned drawbacks. 

Another object of the present invention is to provide a timer/counter which can realize a plurality of 
timer/counter functions with a relatively small amount of hardware. 

Still another object of the present invention is to provide a timer/counter having a high feasibility. 

A further object of the present invention is to provide a timer/counter realized in a register block by a 
rs program operation. 

The above and other objects of the present invention are achieved in accordance with the present 
invention by a timer/counter comprising an operation controller coupled to receive a control information for 
generating control signals for a selected operation, a register block coupled to a bus and including a 
plurality of count registers, a corresponding number of timer registers storing various set values and a 
buffer circuit controlled by the operation controller to sequentially read data from one of the count registers 
to the bus and then write the data on the bus to the same count register, an incrementer coupled to the bus 
and controlled by the operation contoiler to increment the data on the bus and to ouput an incremented 
data to the bus, a coincidence flag coupled to the register block and set when the incremented data in a 
count register of the timer block has coincided with a value stored in a corresponding timer register, and a 
25 clear controller coupled to the coincidence flag so as to clear the count register having the count value in 
coincidence with the value of the corresponding timer register. 

With the above arrangement a plurality of count registers and timer registers are formed in the register 
block, i.e., a memory, and a count values held in the respective count registers are sequentially read out, 
and incremented by one incrementer, and then, returned to the same count registers. Accordingly, it is no 
30 longer necessary to a plurality of timer/counters each composed of a random logic circuit and each 
including at least one count register, one timer register, an incrementer and a comparator. Therefore, the 
chip area required for the timer/counter in accordance with the present invention is greatly decreased as 
compared with the conventional one, and so, a microcomputer incorporating the timer/counter in accor- 
dance with the present invention can be inexpensively fabricated on a small area chip. 
35 Furthermore, the count registers and the timer registers in the register block can be constituted of the 
same memory elements. Therefore, the number of the count registers and the timer registers can be easily 
changed without needing a substantial change of hardware. Namely, the timer/register in accordance with 
the present invention can have a high feasibility. 

The above and other objects, features and advantages of the present invention will be apparent from 
the following description of the preferred embodiment of the invention with reference to the accompanying 
drawings. 
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Brief Description of the Drawings 

45 

Figure 1 is a block diagram of one embodiment of the timer/counter in accordance with the present 
invention; 

Figure 2 is a time chart illustrating a comparison operation of the timer/counter shown in Figure 1 ; 
Figure 3 is a circuit diagram of a fundamental cell used in a content addressable memory which can 
so be used in the register block for the timer/counter shown in Figure 1 ; 

Figure 4 is a block diagram of the timer register constituted by using the fundamental cells shown in 
Figure 3; 

Figure 5 is a block diagram of the timer register having a capture function; and 
Figure 6 is a time chart illustrating the capture operation. 
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Description of the Preferred Embodiment 

Referring to Figure t, one embodiment of the timer/counter in accoroance with the present invention 
compnses a register block 10 including a plurality of count registers and a corresponding number of timer 

5 registers, each of which is constituted of an array of memory cells. In this embodiment the register block 
10 includes a buffer circuit 12 for reading/writing of the memory cells, four count registers 14A, 14B. uc 
and 14D each composed of an array of memory cells, and four timer registers 16A, 16B, 16C and 16D each 
also composed of an array of memory cells. The count registers and the timer registers can be formed of a 
content addressable memory (called "CAM* hereinafter) or a random access memory. In addition, the count 

nr registers 14A to 14D have the same construction and the same function and operate in the same manner, 
and the timer registers 16A, 16B, 16C and 16D have the same construction and the same function and 
operate in the same manner. 

The register. Mode 10 is coupled through an intemaf bus 18 to a data bus 20 and an incrementer 22, 
which operates- to receive data on the internal bus 18 and to output an incremented data to a latch 24. This 

T5 latch 24 ouputs the latched data to tee internal bus 18 so that the data will be written into a register of the 
register block 10. 

• A coincidence flag 26 is coupled to receive coincidence signals 28A, 28B. 28C and 28D from the 
respective time registers 16A. 16B, 16C and 16D and to correspondingly output interrupt signals 30A. 30B. 
30C and 30D to a clear controller 32. This dear controller 32 generates a clear signal 34 to the latch 24 in 
20 response to the received interrupt signaL 

The shown time/counter also includes an operation controller 36 coupled to the data bus 20 to receive a 
control information from a central processing unit (called "CPU* hereinafter) 38. This operation controller 36 
includes therein a mode register 40 designating an operation mode of the timer/counter, and controls the 
operation mode and the operation timing of various circuits in the timer/counter. Further, the CPU 38 
25 receives the interrupt signals 3QA to 30D. 

Now, operation will be explained on the timer/counter as mentioned above with reference to the time 
chart shown in Figure 2 As explained hereinbefore, however, since the count registers 14A to 14D and the 
timer registers 16A.to 16D are the same, respectively, explanation will be limited to the count register 14A 
and the timer register 16A. 

30 In the case that the time/counter operates as a timer, a count number and control information are 
transferred through the data bus 20 in accordance with a program operation executed by the CPU 38, and 
then stored in the timer register 16A of the register block 10 and the operation controller 36. At this time, 
the mode register 40 of the operation controller 36 is set to a comparison operation, and it is assumed that 
a comparison value m n w Is set in the timer register 18A. Thus, on the basis of the received control 

35 information the operation controller 36 will generates operation control signals to various circuits and selects 
an input clock signal (from internal clock sources or external clock sources). 

The count operations of the respective registers are sequentially executed by using the incrementer 22, 
the internal bus 18, etc. in a time division manner in synchronism with a reference clock signal CL 
Specifically, as can be seen from Figure 2, one unitary count-up operation of each count register is 

40 executed for a time period corresponding to two reference clocks (this period will be called "count stage" 
hereinafter). Therefore, a sequence of count operations of the four count registers 14A to 14D and an 
access operation of the CPU 38 are carried out for five count stages (he., for the time of ten reference 
clocks), which constitute one count cycle. In order to sequentially executes the above five operations, five 
count stage signals CSTA, CSTB, CSTC, CSTD and CSTCPU are generated from the reference clock. 

45 These cound stage signals CST are sequentially made active for one count stage without overlapping with 
each other, as shown in Figure 2, and are respectively assigned to the count registers 14A to 14D and the 
CPU 38. Therefore, if the CSTA signal is active, i.e., at a high level, the count operation is executed for the 
count register 14A. 

Furthermore, the reference clock CL is frequency-divided to generate a first timing signal T1 indicative 
so of a first half of each count stege and a second timing signal T2 indicative of a second half of each count 
stage. The operation of various circuit is timed on the basis of the reference clock CL and the two timing 
signals T1 and T2 

Namely, when the reference clock CL is at a high level in the high level period of the timing signal T1 . 
an internal data line of the register block is precharged. This prechargihg period is shown by "P" in Figure 
65 2. Thereafter, when the clock CL becomes at a low level in the high level period of the same timing signal 
Ti, the content of the count register 16A is read out and fed through the internal bus 18 to the incrementer 
22 and the output of the incrementer 22 is latched in the latch 24. At this time, if a count clock (not shown) 
previously designated by the operation controller 36 in correspondence to the count register 14A is active. 
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the incrementer 22 increments the inputted data. But. if not so. the increments 22 outputs the moulted aata 
as it is without increment 

Now. assuming that the content of the count register 14A already is w n-r and the count clock is active 
the data -rM" is read out from the count register HA, and incremented to "n" by the incrementer 22 in the 
s period of the timing signal T1. The incremented data "n* is latched in the latch 24 in the period of the same 
timing signal T1. 

In a high level period of the timing signal T2 succeeding to the high level timing signal T1. the content 
of the latch 24 is outputted to the interna] bus 18, and on the other hand, the internal data lines of the count 
register 14A are precharged at the high level time of the clock CL during the high level period of the timing 

to signal T2. and then, the count register 14A is rewritten with the data on the internal bus 18, i.e., the 
incremented data "n" in the above example at a low level time of the clock CL during the high level period 
of the same timing signal T2. At the same time, the data on the internal bus 18 is compared with the 
content previously set in the corresponding timer register 16A, and if they are coincident with each other, 
the timer register 16A generates an active or high level coincidence signal 28A, which will set the 

rs coincidence flag 26. As a result the coincidence flag 26 generates a high level interrupt signal 30A to the 
clear controller 32 and the CPU 38. 

In the corresponding count stage of the next count cycle, the clear controller 32 generates a clear 
signal 34 to the latch 24. As a result although the content of the count register 14A is read out to the 
incrementer 22 at the timing signal Tl so as to cause it to output an incremented or unincremented data, 

20 since the latch 24 outputs data of "0" to the internal bus in accordance with the clear signal 34 regardless 
of the output of the incrementer 22. the data of "0" is written to the count register 14A. In other words, the 
count register 14A is cleared. At the same time, the coincidence flag 26 is reset, and the clear signal 34 is 
returned to a low level at the completion of the count stage. 

The CPU 38 can .access the timer registers 16A to 16D in the period of the count stage CSTCPU 

25 assigned to the access operation of the CPU 38. Specifically, at a high level time of the reference clock CL 
during the high level period of the timing signal Tl. the bus 20 is precharged and the CPU 38 transfers the 
register designation information fed through the bus 20 to the register block 10 as an address information, 
and at the succeeding low level period of the same clock CU.it causes the register block 10 to output the 
content at the designated address to the bus 20. In the writing, data is written to the register block through 

30 the data bus 20 at the low level period of the reference clock CL 

As mentioned hereinbefore, the registers of the register block 10 are formed of an array of CAM cells. 
Referring to Figure 3, there is shown a circuit diagram of one CAM cell. The shown CAM cell includes ten 
transistors Qt to Qx> connected as shown in Figure 3. and has a pair of input/output lines D and 5 for a 
truth value and an inversion value, a cell selection signal line S and a data discrimination output line C. 

35 Transistors Qi and Cb are cross-connected to each other as shown to form a fiipflop which can be inverted 
in response to an inputted data, and connected through respective load transistors Q2 and Cu between a 
voltage V D o and the ground. A node between Qi and Cb and another node between Cb and Qi are 
respectively connected to the pair of data input/output lines D and D through transistors Cb and Q4 whose 
gates are commonly connected to the selection signal line S. 

40 The fiipflop thus formed stores a bit of information by its internal condition, in the case of reading data 
from the CAM cell, the cell selection line S is rendered active so as to put the transistors Cb and Cb in a 
conductive condition, with the result that the data held in the fiipflop is read out to the pair of inpuVoutput 
lines D and D . On the other hand, in the case of writing data to the fiipflop, the truth value and the 
inversion value of data to be written are supplied to the pair of input/output lines D and 5 respectively, 

45 and the cell selection line S is made active so as to bring the transistors Q5 and Cb into a conductive 
condition. As a result, 'the internal condition is forcibly changed to conform with the inputted data. For 
example, in case of writing a logic value "1". the node between the transistors Qi and Cb is brought to a 
high level and the node between the transistors Cb and Q* is brought to a low level. On the other hand, in 
case of writing a logic value of "0", the node between Qi and Cb is brought to a low level and the node 

so between Cb and Cb is brought to a high level. 

A circuit for discriminating coincidence between the input data and the stored data includes four 
transistors Q7.Cb.Q9 and Qw. A pair of transistors Cb and Cb are connected in series between the data 
discrimination output line C and the ground, and connected at their gates to the truth value input/output line 
D and the node between the transistors Cb and Cb. respectively. Another pair of transistors Cb and Q10 are 

55 connected in series between the data discrimination output line C and the ground, and connected at their 
gates the inversion value input/output line D and the node between the transistor Qi and Cb. 

This discrimination circuit generates the coincidence signal in response to the inputted data and the 
stored data, as described in the following Table. 
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The above Table is based on the assumption that a condition in which the line C is at ground level 
represents a logic value "0" and another condition in which the line C is isolated from the ground indicates 
a logic value "1 

As seen from the circuit structure of the discrimination circuit shown in Figure 3, the circuit generates at 
the line C an exclusive OR signal representative of incoincidence between the input data on the inputfoutput 
lines D and D and the stored data held in the fDpfiop. Specifically, the discrimination circuit generates the 
logic value "T" on the line C not only when the input data is perfectly coincident with the stored data both 
in the truth value and in the inversion value, but also when both of the input data D and o are at a logic 
"O" regardless of the stored data. In the latter case, the result of the comparison is masked. On the other 
hand, the discrimination circuit generates the logic value "0" on the line C not only when the input data is 
completely different from the stored data both in the truth value and in the inversion value, but also both of 
the input data D and D are at a logic level "1". Namely, in the latter case, the discrimination result of the 
incoincidence is generated unconditionally. 

Referring to Figure 4, there is shown a block diagram of the timer registers 16A to 16D. each of which 
is composed of an array of five CAM cells 50 shown in Figure 3. As seen from Figure 4, CAM cells 50 of 
the respective cell arrays positioned at the same bit place are connected in_parallel at their respective 
inputs/outputs D^and D so as ^receive the same place bit data (Bi and B t , Bz and B 2 , B3 and 
B 3 , Bi and b 4 or Bs and B 5 ) from the buffer circuit 12. On the other hand, the selection inputs S 
and the discrimination outputs C of the respective CAM cells 50 included in the same array are respectively 
connected commonly to a selection signal line 52 (52A, 52B, 52C or 52D) and the coincidence signal line 
28 (28A f 28B, 28C or 28D) which is pulled up to Vr, through a load transistor 56 (56A, 56B, 56C or 56D). 
Therefore, when all the discrimination signals C of the CAM cells in the same array are at the logic value 
"1 " {i.e., isolated from the ground), the coincidence signal line 28 will generates a high level signal of the 
logic value "1 But. if any one of the CAM cells in the same array generates the logic value "0" as the 
discrimination signal C (i.e., shortcircuited to the ground), the coincidence signal line 28 is brought to a low 
level of the logic value "0". 

Turning to Figure 5, there is shown an array of CAM cells which can be used as the count timer and 
also as the timer register. The shown five CAM cells 50 are connected in a manner similar to that shown in 
Figure 4. To the selection signal line 52 is connected an ouput of an OR gate 58 which is connected to 
receive at its one input a selection address decoder output signal 60 and at its other input an output of an 
AND gate 62. The signal 60 is applied when the CPU 38 accesses the register block, for example, to set a 
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companson value to the hmer register. The AND gate 62 receives at its first input the reference clock CL 
through an mverter 64. at its second input the timing signal T2. at its third input the count stage s.gna' CST 
and at its fourth input a Q output of a capture flipflops 66 of the set reset type. This fiipflop has a set input 
connected to receive a capture trigger signal, and a reset input connected to the output of the AND gate 6Z 
Next, the capture operation will be explained with reference to Figure 5 and a timing chart shown in 
Figure 6. 

In this case, the mode register 40 is set to the capture operation, and data "n" is set to the timer 
register 16A. As seen from Figure 6. in the capture operation, the selection of the count registers in 
correspondence to the count stage and the increment operation are executed similarly to the comparison 
operation. If a capture trigger signal 68 is generated (in this embodiment at a second count stage after the 
count stage in which the designated count register 16A is incremented to "n"), the capture flipflip 66 is set 
so that the Q output is brought to a high level. This condition is maintained after the next corresponding 
count stage is executed. When the corresponding count stage is executed, since the CST signal (CSTA) is 
maintained at a high level, and AND gate 62 generates the capture signal at the moment the reference 
clock CL is brough from a high revet to a low level in the high level period of the timing signal T2. At the 
same time, the capture flipflip 66 is reset 

The capture signal Is applied from the AND gate 62 through the OR gate 58 and the line 52 to the 
selection signal lines S of the respective CAM cells. At this time, the count value is outputted from the latch 
24 to the data lines D and D in the register block 10. and then is written to the selected count register 14A 
zo and also to the selected timer register 16A. With the operation, the value (n + 1) of the count register 14A 
which has been rewritten at the corresponding count stage just after the capture trigger 68 is generated, is 
also stored to the corresponding timer register 16A. 

As seen from the above explanation, a plurality of counters can be realized in the timer/counter which 
can be constructed with a relatively small number of transistors, because it is not necessary to prepare one 
25 incrementer, one comparator, etc. in the form of logic circuits for each of counters. Therefore, the 
timer/counter can be realized at a small area chip at an inexpensive cost. Further, the count registers and 
the timer registers are prepared in the register block, i.e.. in a memory, and the count registers are 
sequentially incremented in a programmed operation. Therefore, the number of these registers can be 
freely changed. Particularly, each timer register is formed of an array of CAM cells having a coincidence 
30 detection function, and so. there is required no comparator composed of a random logic. In addition, the 
array of CAM cells can be used as the count register. Accordingly, the timer/counter has a good feasibility. 

The invention has thus been shown and described with reference to the specific embodiment. However, 
it should be noted that the invention is in no way limited to the details of the illustrated structures but 
changes and modifications may be made within the scope of the appended claims. 



Claims 



1. A timer/counter comprising an operation controller coupled to receive a control information for 
40 generating control signals for a selected operation, a register block coupled to a bus and including a 

plurality of count registers, a corresponding number of timer registers storing various set values and a 
buffer circuit controlled by the operation controller to sequentially read data from one of the count registers 
to the bus and then write the data on the bus to the same count register, an incrementer coupled to the bus 
and controlled by the operation controller to increment the data on the bus and to output an incremented 
45 data to the bus, a coincidence flag coupled to the register block and set when the incremented data in a 
count register of the timer block has coincided with a value stored in a corresponding timer register, and a 
clear controller coupled to the coincidence flag so as to clear the count register having the count value in 
coincidence with the value of the corresponding timer register. 

2. A timer/counter claimed in Claim 1 further including a latch latching the output of the incrementer so 
so as to output the latched data through the bus to the register block. 

3. A timer/counter claimed in Claim 1 wherein the register block and the incrementer are controlled so 
as to sequentially and cyclicly execute on the respective count registers such an operation that the content 
of one count register is read out to the incrementer where it is incremented in response to a count clock, 
and then an incremented data is written into the same count register. 

55 4. A timer/counter claimed in Claim 3 wherein each of the timer register executes an coincidence 
detection between the set value and the content of a corresponding count register each time the 
corresponding count register is rewritten with the incremented data from the incrementer. 
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5. A timer-counter claimed in Claim 4 wherein each of the timer register incluaes an array of content 
addressable memory cells. 

6. A timer/counter claimed in Clarm 5 wherein each of the memory cells includes a flipflop having first 
and second data inputs/outputs receiving a pair of data signals in an inverse phase to each other, a pair of 
switching transistors respectively connected between the first input/output of the flipflip and a truth data 
signal input/output and between the second inputtoutput of the ffipfiop and an inversion data signal 
input/output, these switching transistors being connected to receive at their control electrodes the same 
selection signal, and a pair of two-input exclusive OR circuits connected at their respective outputs to a 
coincidence detection output, one of the exclusive OR circuits being connected at its one input to the truth 
data signal input/output and at its other input to the second input/output of the fOpflip, and the other 
exclusive OR circuit being connected at its one input to the inversion data signal input/output and at its 
other input to the first input/output of the flipflip, so that when the selection signal is active, the data can be 
read from aid written into the ffipfiop, and when the selection signal is inactive, the exclusive OR circuits 
generate at the coincidence detection output a signal indicative of whether or not the input data is the same 
as the data set in the ffipfiop. 

7. A timer/counter claimed in Claim t wherein tfte register block operates in response to a capture 
signal so that the incremented data is written not only into one of the count registers but also into a 
corresponding timer register. 

8. A timer/counter comprising a register block coupled to a bus and including a plurality of count 
registers, an incrementer coupled to the bus for incrementing the data on the bus and outputting an 
incremented data to the bus. and means for sequentially generating count stage signals of the same 
number as that of the count registers in each count cycle, the count stage signals generated in each count 
cycle being assigned to the count registers, respectively so that there is sequentially executed on the 
respective count registers such an operation that the content of one count register is read out to the 
incrementer where it is incremented in response to a count clock, and then an incremented data is written 
into the same count register. 

9. A timer/counter comprising a register block coupled to a bus and including a plurality of count 
registers and a corresponding number of timer registers storing various set values, an incrementer coupled 
to the bus for incrementing the data on the bus and outputting an incremented data to the bus, and means 
for sequentially generating count stage signals of the same number as that of the count registers in each 
count cycle, the count stage signals generated in each count cycle being assigned to the count registers, 
respectively so that there is sequentially executed on the respective count registers and corresponding 
timer registers such an operation that the content of one count register is read out to the incrementer where 
it is incremented in response to a count clock, and then an incremented data is written into the same count 
register, and is compared with the set value in the corresponding timer register. 
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